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Temperature  may  be  converted  to  degrees  Fahrenheit  (°  F)  or  degrees  Celsius  (°C)  by  the  following 
equations: 


°F  =  (1.8  X  °C)  +  32 
°C  =  (°F  -  32)  /  1.8 

Altitude:  In  this  report,  vertical  coordinate  information  is  referenced  to  the  National  Geodetic  Ver¬ 
tical  Datum  of  1929  (NGVD  of  1929) — a  geodetic  datum  derived  from  a  general  adjustment  of  the 
first-order  level  nets  of  both  the  United  States  and  Canada,  formerly  called  Sea  Level  Datum  of 
1929. 

Chemical  concentrations:  Chemical  concentrations  of  substances  in  water  are  given  in  metric  units 
of  milligrams  per  liter  (mg/L)  and  micrograms  per  liter  (pg/L).  Milligrams  per  liter  is  a  unit  express¬ 
ing  the  concentration  of  chemical  constituents  in  solution  as  mass  (milligrams)  of  solute  per  unit 
volume  (liter)  of  water.  Micrograms  per  liter  is  a  unit  expressing  the  concentration  of  chemical  con¬ 
stituents  in  solution  as  mass  (micrograms)  of  solute  per  unit  volume  (liter)  of  water.  Micrograms  per 
liter  are  equivalent  to  milligrams  per  liter  divided  by  1,000. 

Water  year:  Water  year  is  the  12-month  period,  October  1  through  September  30,  and  is  designated 
by  the  calendar  year  in  which  it  ends.  Thus,  the  water  year  ending  September  30,  2002  is  called  the 
“2002  water  year.” 
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Reconnaissance-Level  Assessment 
of  Water  Quality  near  Flandreau, 
South  Dakota 

By  Bryan  D.  Schaap 


ABSTRACT 

This  report  presents  water-quality  data  that 
have  been  compiled  and  collected  for  a  reconnais¬ 
sance-level  assessment  of  water  quality  near 
Flandreau,  South  Dakota.  The  investigation  was 
initiated  as  a  cooperative  effort  between  the  U.S. 
Geological  Survey  and  the  Flandreau  Santee  Sioux 
Tribe. 

Members  of  the  Flandreau  Santee  Sioux 
Tribe  have  expressed  concern  that  Tribal  members 
residing  in  the  city  of  Flandreau  experience  more 
health  problems  than  the  general  population  in  the 
surrounding  area.  Prior  to  December  2000,  water 
for  the  city  of  Flandreau  was  supplied  by  wells 
completed  in  the  Big  Sioux  aquifer  within  the  city 
of  Flandreau.  After  December  2000,  water  for  the 
city  of  Flandreau  was  supplied  by  the  Big  Sioux 
Community  Water  System  from  wells  completed 
in  the  Big  Sioux  aquifer  along  the  Big  Sioux  River 
near  Egan,  about  8  river  miles  downstream  of 
Flandreau.  There  is  some  concern  that  the  public 
and  private  water  supplies  provided  by  wells  com¬ 
pleted  in  the  Big  Sioux  aquifer  near  the  Big  Sioux 
River  may  contain  chemicals  that  contribute  to  the 
health  problems. 


Data  compiled  from  other  investigations 
provide  information  about  the  water  quality  of  the 
Big  Sioux  River  and  the  Big  Sioux  aquifer  in  the 
Flandreau  area  from  1978  through  2001.  The 
median,  minimum,  and  maximum  values  are  pre¬ 
sented  for  fecal  bacteria,  nitrate,  arsenic,  and  atra- 
zine.  Nitrate  concentrations  of  water  from 
Flandreau  public-supply  wells  occasionally 
exceeded  the  Maximum  Contaminant  Level  of 
10  milligrams  per  liter  for  public  drinking  water. 

For  this  study,  untreated- water  samples 
were  collected  from  the  Big  Sioux  River  in 
Flandreau  and  from  five  wells  completed  in  the 
Big  Sioux  aquifer  in  and  near  Flandreau.  Treated- 
water  samples  from  the  Big  Sioux  Community 
Water  System  were  collected  at  a  site  about  mid¬ 
way  between  the  treatment  facility  near  Egan  and 
the  city  of  Flandreau.  The  first  round  of  sampling 
occurred  during  July  9-12,  2001,  and  the  second 
round  of  sampling  occurred  during  August  20-27, 
2001.  Samples  were  analyzed  for  a  broad  range  of 
compounds,  including  major  ions,  nutrients,  trace 
elements,  pesticides,  antibiotics,  and  organic 
wastewater  compounds,  some  of  which  might 
cause  adverse  health  effects  after  long-term  expo¬ 
sure.  Samples  collected  on  August  27,  2001,  from 
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the  Big  Sioux  River  also  were  analyzed  for  human 
pharmaceutical  compounds. 

The  quality  of  the  water  in  the  Big  Sioux 
River  and  the  Big  Sioux  aquifer  in  the  Flandreau 
area  cannot  be  thoroughly  characterized  with  the 
limited  number  of  samples  collected  within  a 
2-month  period,  and  for  many  analytes,  neither 
drinking-water  standards  nor  associations  with 
adverse  health  effects  have  been  established.  Con¬ 
centrations  of  some  selected  analytes  were  less 
than  U.S.  Environmental  Protection  Agency 
drinking-water  standards  at  the  time  of  the  sam¬ 
pling,  and  concentrations  of  most  organic  com¬ 
pounds  were  less  than  the  respective  method 
reporting  levels  for  most  of  the  samples. 


INTRODUCTION 

Members  of  the  Flandreau  Santee  Sioux  Tribe 
have  expressed  concern  that  Tribal  members  residing  in 
the  city  of  Flandreau  experience  more  health  problems 
than  the  general  population  in  the  surrounding  area. 
There  is  a  high  incidence  of  endocrine  disorders, 
including  diabetes  and  thyroid  gland  problems,  among 
Tribal  members  (Indian  Health  Service,  Aberdeen, 

S.  Dak.,  written  commun.,  1997).  The  members  of  the 
Tribe  are  concerned  that  the  water  supplies  may  contain 
chemicals  that  contribute  to  the  health  problems.  Public 
and  private  water  supplies  are  provided  by  wells  com¬ 
pleted  in  the  Big  Sioux  aquifer  near  the  Big  Sioux 
River.  Prior  to  December  2000,  the  city  of  Flandreau ’s 
water  supply  was  obtained  from  wells  completed  in  the 
Big  Sioux  aquifer  within  the  Flandreau  city  limits. 
After  December  2000,  water  for  the  city  of  Flandreau 
was  provided  by  the  Big  Sioux  Community  Water 
System  from  wells  completed  in  the  Big  Sioux  aquifer 
near  Egan,  about  4  miles  southeast  of  Flandreau 

(fig-  1). 

Drinking-water  contaminants  that  cause  adverse 
health  effects  can  be  either  natural  or  anthropogenic  in 
origin.  Arsenic  occurs  naturally  in  fairly  large  concen¬ 
trations  in  ground  water  in  eastern  South  Dakota. 
Anthropogenic  compounds  derived  from  wastewater 
discharges  and  agricultural  operations  also  can  con¬ 
tribute  contaminants  to  drinking-water  supplies.  Within 
the  Big  Sioux  River  drainage  basin  upstream  from 
Flandreau,  there  is  considerable  agricultural  activity 
and  there  is  potential  for  fertilizers,  pesticides,  and  feed 


supplements  to  be  introduced  into  both  surface  and 
ground  water. 

A  review  of  historical  water-quality  data  found 
that  limited  information  was  available  from  other 
investigations  that  were  not  intended  to  provide  com¬ 
prehensive  assessments  of  the  water  quality  in  the  Big 
Sioux  aquifer  and  the  Big  Sioux  River  near-  Flandreau. 
The  presence  of  compounds,  such  as  nitrate  and  pesti¬ 
cides,  with  potential  adverse  health  effects  had  been 
reported,  but  the  spatial  distribution  of  these  com¬ 
pounds  was  not  well  known,  and  the  limited  number  of 
analytes  meant  that  other  compounds  might  have  been 
present  but  were  not  analyzed  for. 

A  study  to  provide  a  reconnaissance-level  assess¬ 
ment  of  water  quality  in  the  Flandreau  area  was  initi¬ 
ated  in  2001  by  the  U.S.  Geological  Survey  (USGS)  in 
cooperation  with  the  Flandreau  Santee  Sioux  Tribe.  For 
this  study,  water-quality  samples  were  collected  from 
selected  surface-water  sites,  ground-water  sites,  and  a 
treated-water  site  (fig.  1)  associated  with  Tribal  water 
supplies.  The  first  round  of  sampling  occurred  during 
July  9-12,  2001,  and  the  second  round  of  sampling 
occurred  during  August  20-27,  2001.  Samples  were 
analyzed  for  a  broad  range  of  physical  properties  and 
chemical  constituents,  including  major  ions,  nutrients, 
trace  elements,  pesticides,  antibiotics,  and  organic 
wastewater  compounds.  Samples  collected  on 
August  27,  2001,  also  were  analyzed  for  human  phar¬ 
maceutical  compounds. 

Because  the  city  of  Flandreau  stopped  operating 
its  own  water-supply  system  before  the  start  of  this 
study,  it  was  not  possible  to  collect  treated-water 
samples  from  that  system.  However,  untreated-water 
samples  were  collected  from  the  Big  Sioux  River  and 
the  Big  Sioux  aquifer.  The  wells  for  the  now  inactive 
Flandreau  water-supply  system  withdrew  water  from 
the  Big  Sioux  aquifer,  as  do  the  wells  for  the  active  Big 
Sioux  Community  Water  System,  which  currently 
supplies  water  to  Flandreau.  Samples  of  treated  water 
were  collected  from  the  Big  Sioux  Community  Water 
System  to  provide  information  on  the  quality  of 
drinking  water  currently  being  supplied  to  Flandreau. 

Very  little  is  known  concerning  the  occurrence 
and  health  effects  of  many  unregulated  synthetic 
organic  compounds  in  aquatic  environments.  This 
study  provides  information  concerning  the  occurrence 
of  selected  organic  compounds  within  an  intensive 
agricultural  drainage  basin  located  in  the  midwestern 
United  States. 
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Figure  1 .  Location  of  Flandreau  water-quality  study  area. 
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Purpose  and  Scope 

The  purpose  of  this  report  is  to  describe  water- 
quality  data  relevant  to  the  water  supplies  of  the 
Flandreau  Santee  Sioux  Tribe.  Analytical  results  are 
reported  for  samples  collected  during  July  and  August 
2001  from  selected  surface-water,  ground-water,  and 
treated-water  sites.  Selected  data  from  various  other 
investigations  also  are  described. 

A  total  of  15  environmental  samples,  which 
included  two  sets  of  replicates,  were  collected  from 
seven  sites.  Two  sets  of  field  equipment  blanks,  one 
each  in  July  and  August,  also  were  collected.  A  pesti¬ 
cide  spike  sample  was  prepared  and  submitted  during 
the  August  sampling  period.  Sample  analyses  included 
physical  properties,  major  ions,  nutrients,  trace  ele¬ 
ments,  and  pesticides.  Samples  also  were  analyzed  for 
many  compounds  that  have  been  described  as  emerging 
contaminants  including  synthetic  organic  compounds, 
which  may  be  associated  with  endocrine  disruption, 
such  as  veterinary  and  human  antibiotic  compounds, 
and  selected  industrial  and  household  wastewater 
products  (Kolpin  and  others,  2002).  Samples  collected 
on  August  27,  2001,  also  were  analyzed  for  human 
pharmaceutical  compounds.  Nitrate  analytical  results 
are  compared  with  nitrate  data  from  other  studies. 

Geohydrologic  Setting 

The  bedrock  directly  underlying  the  glacial  drift 
in  the  study  area  consists  of  the  Cretaceous-age  Carlile 
Shale,  Niobrara  Formation,  and  Pierre  Shale.  These 
units,  which  generally  do  not  yield  water  to  wells,  are 
considered  to  be  confining  beds  that  inhibit  the  move¬ 
ment  of  ground  water.  The  surficial  deposits  in  the 
Flandreau  area  are  the  result  of  glaciation  and  consist 
primarily  of  till  and  outwash.  The  Big  Sioux  aquifer 
consists  of  glacial  outwash  deposited  by  meltwater 
streams.  It  is  an  unconfined  aquifer  that  is  hydraulically 
connected  to  the  Big  Sioux  River  and  has  a  maximum 
aquifer  thickness  of  about  50  ft  in  the  Flandreau  area 
(Hansen,  1986a).  Locally,  water  movement  is  from  the 
aquifer  towards  the  Big  Sioux  River  and  generally  par¬ 
allel  to  the  downstream  movement  of  water  in  the  Big 
Sioux  River  (Hansen,  1988).  Changes  of  the  flow  direc¬ 
tion  from  the  aquifer  to  the  river  can  occur  when  the 
river  stage  rises  above  the  water  table. 
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PREVIOUS  INVESTIGATIONS 

The  Big  Sioux  River  and  the  Big  Sioux  aquifer 
have  been  the  subject  of  considerable  interest  and  study 
over  the  years.  The  studies  often  have  been  conducted 
on  large  areas  such  as  the  upstream  paid  of  the  drainage 
basin  or  counties.  The  water-quality  components  of 
these  studies  often  have  examined  physical  properties, 
major  ions,  and  nutrients,  but  not  the  synthetic  organic 
compounds  known  collectively  as  emerging  contami¬ 
nants. 

The  water  resources  of  Lake  and  Moody  Coun¬ 
ties  were  described  by  Hansen  (1986a).  Information 
about  the  areal  extent  of  the  Big  Sioux  aquifer,  a  cross 
section  of  the  Big  Sioux  aquifer  a  little  north  of 
Flandreau,  and  water-level  data  showing  that  locally 
ground-water  movement  in  the  Big  Sioux  aquifer  is 
towards  the  Big  Sioux  River  and  generally  parallel  to 
the  downstream  movement  of  water  in  the  Big  Sioux 
River  are  presented.  Seventeen  samples  from  the  Big 
Sioux  aquifer  had  a  mean  nitrate  concentration  of 
6.3  mg/L  (milligrams  per  liter)  with  a  minimum  of 
0. 1  mg/L  and  a  maximum  of  24  mg/L. 

A  digital  model  that  simulates  ground-water 
flow  in  the  Big  Sioux  aquifer  for  Moody  County,  which 
includes  Flandreau  and  Egan,  indicated  that  ground 
water  in  the  Big  Sioux  aquifer  moves  locally  towards 
the  Big  Sioux  River  and  parallel  to  the  downstream 
movement  of  water  in  the  Big  Sioux  River  (Hansen, 
1988).  The  digital  model,  which  has  modest  differences 
between  simulated  and  measured  water  levels,  is  based 
on  the  assumptions  that  the  Big  Sioux  aquifer  is  uncon¬ 
fined  and  the  aquifer  is  hydraulically  connected  to  the 
Big  Sioux  River.  Hydraulic  conductivity  of  the  Big 
Sioux  aquifer  ranged  from  200  to  450  ft/d  in  the  model 
(Hansen,  1988). 

A  study  by  Wall  and  others  (2001)  was  con¬ 
ducted  to  assess  the  population  status  of  the  Topeka 
shiner  and  the  habitat  conditions  in  South  Dakota 


4  Reconnaissance-Level  Assessment  of  Water  Quality  near  Flandreau,  South  Dakota 


streams.  Topeka  shiners  were  found  in  the  Big  Sioux 
River  Basin,  including  streams  in  the  Flandreau  area. 
The  presence  of  Topeka  shiners,  a  small  native  fish  sen¬ 
sitive  to  environmental  conditions,  was  considered  to 
be  an  indication  that  locally  water  quality  generally  was 
good  and  river  conditions  were  undisturbed. 

Selected  water-quality  data  from  other  investiga¬ 
tions  are  presented  in  table  1  (in  the  Tables  section  at 
the  end  of  the  report).  Data  for  fecal  bacteria,  nitrate, 
arsenic,  and  atrazine  were  selected  for  presentation 
because  these  constituents  (1)  are  associated  with 
adverse  health  effects,  (2)  were  analyzed  for  by  two  or 
more  of  the  investigations,  and  (3)  were  detected  by  one 
or  more  of  the  investigations.  Table  1  includes  water- 
quality  data  for  the  Flandreau  water-supply  wells  and 
for  selected  sites  from  other  investigations.  The  water- 
quality  data  for  the  surface-  and  ground-water  samples 
are  presented  in  the  order  of  upstream  to  downstream 
position  of  the  sampling  sites  along  the  Big  Sioux  River 
(fig.  1).  Nitrate  concentrations  for  individual  samples 
are  presented  in  figure  2  and  are  discussed  later  in  this 
report.  Additional  water-quality  data  may  be  obtained 
by  contacting  the  organizations  responsible  for  the 
investigations. 

The  East  Dakota  Water  Development  District 
collected  water-quality  data  from  the  Big  Sioux  River 
and  some  of  the  tributaries  in  the  Flandreau  area  during 
1999  and  2000.  Samples  were  analyzed  for  physical 
properties,  turbidity,  bacteria,  sediment,  and  nutrients 
(Deb  Ernhart,  East  Dakota  Water  Development  District, 
written  commun.,  2001).  At  their  Big  Sioux  River  sam¬ 
pling  site  upstream  of  Flandreau  (fig.  1),  the  median 
fecal  bacteria  concentration  was  100  colonies  per 
100  mL  (milliliters)  and  the  median  nitrate  concentra¬ 
tion  was  0.28  mg/L  (table  1). 

The  Flandreau  Santee  Sioux  Tribe,  Natural 
Resources  Division,  collected  water-quality  samples 
during  2000  and  2001  from  the  Big  Sioux  River 
upstream  of  Flandreau  and  from  some  of  the  tributaries 
such  as  Flandreau  Creek  and  Mud  Creek.  The  samples 
were  analyzed  for  selected  physical  properties,  bac¬ 
teria,  major  ions,  nutrients,  and  trace  elements  (Vickie 
Kujawa,  Flandreau  Santee  Sioux  Tribe,  Department  of 
Natural  Resources,  written  commun.,  2001).  At  their 
Big  Sioux  River  sampling  site  shown  in  figure  1 ,  the 
median  fecal  bacteria,  nitrate,  and  arsenic  values  were 
1 10  colonies  per  100  mL,  0.37  rng/F,  and  4.3  Ug/L 
(micrograms  per  liter),  respectively  (table  1). 

The  city  of  Flandreau  collected  water-quality 
samples  and  submitted  them  for  analysis  to  the  South 
Dakota  Department  of  Environment  and  Natural 


Resources,  Drinking  Water  Program.  The  three 
municipal  water-supply  wells  arc  completed  in  the  Big 
Sioux  aquifer  near  the  Big  Sioux  River  and  all  are  less 
than  35  ft  deep.  Their  locations  are  not  shown  in 
figure  1,  but  they  are  close  to  well  3,  which  is  shown 
in  figure  1  and  was  sampled  for  this  study.  Some  of  the 
samples  submitted  by  the  city  were  of  untreated  water 
from  the  water-supply  wells,  and  some  of  the  samples 
were  of  treated  water.  It  is  not  believed  that  the  limited 
treatment  (chlorination  and  fluoridation)  affected  con¬ 
centrations  of  nitrate,  arsenic,  or  atrazine  (Barbara 
Friedeman,  South  Dakota  Department  of  Environment 
and  Natural  Resources,  Drinking  Water  Program,  oral 
commun.,  2002).  Some  of  the  samples  from  the  water- 
supply  wells  were  from  just  one  well  and  some 
samples  were  a  mixture  from  two  wells  (Barbara 
Friedeman,  South  Dakota  Department  of  Environment 
and  Natural  Resources,  Drinking  Water  Program, 
written  commun.,  2002).  The  samples  typically  were 
analyzed  for  physical  properties,  major  ions,  nutrients, 
and  trace  elements,  and  occasionally  for  volatile 
organic  compounds  and  synthetic  organic  compounds. 
From  1978-2000,  the  median  nitrate,  arsenic,  and  atra¬ 
zine  concentrations  were  6.1  mg/F,  1.0  Ug/L.  and  less 
than  (<)  0.5  Ug/L,  respectively.  Nitrate  concentrations 
for  the  46  samples  analyzed  ranged  from  1 .0  to 
14.6  mg/L  (table  1). 

As  part  of  an  ongoing  effort,  the  South  Dakota 
Geological  Survey  is  collecting  water-quality  data 
throughout  the  State  from  a  network  of  wells  com¬ 
pleted  in  commonly  used  aquifers  (Rich,  2001).  One 
of  the  wells  (R20-89-50)  is  completed  in  the  Big 
Sioux  aquifer  near  Egan  (fig.  1)  and  the  well  field  for 
the  Big  Sioux  Community  Water  System.  Samples  are 
analyzed  for  a  variable  combination  of  physical  prop¬ 
erties,  major  ions,  nutrients,  trace  elements,  and  pesti¬ 
cides  (Rich,  2001).  The  median  concentrations  for 
both  nitrate  and  atrazine  of  more  than  40  samples 
collected  over  more  than  10  years  are  less  than 
the  minimum  reporting  levels  of  0. 1  mg/L  and 
0.100  Ug/L,  respectively  (table  1).  For  two  samples 
collected  in  1994  and  1999,  the  arsenic  concentrations 
were  <0.01  and  1.9  Ug/L,  respectively  (Tom  Rich, 
South  Dakota  Geological  Survey,  written  commun., 
2002). 

Water-quality  samples  also  were  collected  from 
the  Big  Sioux  River  (fig.  1)  near  well  R20-89-50  by 
the  South  Dakota  Geological  Survey  from  1990-93. 
These  samples  had  a  median  nitrate  concentration  of 
0.39  mg/L  and  a  median  atrazine  concentration  of 
0.17  pg/L  (table  1). 


Previous  Investigations  5 


METHODS  OF  INVESTIGATION 

The  study  was  designed  to  provide  a  reconnais¬ 
sance-level  assessment  of  water  quality  in  the 
Flandreau  area.  Water-quality  samples  were  collected 
from  the  Big  Sioux  River  and  the  Big  Sioux  aquifer  in 
the  Flandreau  area  and  analyzed  for  a  broad  range  of 
physical  properties  and  chemical  constituents.  The 
quality  of  the  water  in  the  Big  Sioux  River  and  the 
Big  Sioux  aquifer  in  the  Flandreau  area  cannot  be 
thoroughly  characterized  with  the  limited  number  of 
samples  collected  within  a  2-month  period.  The  results 
could  be  used  to  identify  possible  water-quality  prob¬ 
lems  that  could  be  the  focus  of  more  comprehensive 
investigations  in  the  future. 

Site  Selection 

Selection  of  the  sampling  sites  was  based  on 
access,  specific  concerns  of  the  Flandreau  Santee  Sioux 
Tribe,  and  an  overall  interest  in  characterizing  the  water 
quality  of  the  natural  waters  of  the  Big  Sioux  River  and 
Big  Sioux  aquifer.  By  July  2001,  when  sampling  for 
this  study  was  initiated,  the  Big  Sioux  Community 
Water  System  was  supplying  water  to  the  city  of 
Flandreau,  and  the  water-supply  wells  previously  used 
by  the  city  of  Flandreau  could  not  be  sampled. 

The  sampling  sites  for  this  study  consist  of  five 
ground-water  sites,  one  surface-water  site,  and  one 
treated-water  site.  All  of  the  wells  are  believed  to  be 
completed  in  the  Big  Sioux  aquifer,  and  the  treated 
water  comes  from  wells  completed  in  the  Big  Sioux 
aquifer. 

Well  1  (fig.  1)  is  a  domestic  well  a  few  feet  from 
Flandreau  Creek  and  within  about  500  ft  of  the  Big 
Sioux  River.  Well  depth  is  unknown,  but  it  is  believed 
to  be  shallow.  Nearby  test  holes  indicate  that  the  Big 
Sioux  aquifer  is  between  16  and  34  ft  thick  in  this  area 
(Flansen,  1988,  fig.  3).  The  area  around  the  well  has 
been  flooded  in  the  past,  including  the  spring  of  2001 
(Wesley  Flansen,  Flandreau  Santee  Sioux  Tribe, 
Department  of  Natural  Resources,  oral  cornmun., 
2001).  The  water  was  not  affected  by  a  water  softener 
or  any  other  treatment  between  the  well  and  the  tap  and 
was  not  stored  in  a  pressure  tank  (Wesley  Flansen, 
Flandreau  Santee  Sioux  Tribe,  Department  of  Natural 
Resources,  oral  cornmun.,  2001).  The  area  near  the  well 
is  used  primarily  for  hay  production. 

Well  2  is  a  domestic  well  about  500  ft  from  the 
Big  Sioux  River.  The  well  is  about  9  ft  deep  and  about 


3  ft  wide  and  is  located  next  to  a  septic  tank.  The  area 
around  the  well  consisted  of  the  homestead  with  an 
extensive  lawn. 

Well  3  is  about  100  ft  from  the  Big  Sioux  River. 
Based  on  construction,  location,  and  other  information, 
this  well  has  been  tentatively  identified  as  South 
Dakota  Geological  Survey  observation  well  R20-92- 
73,  which  is  screened  from  9  to  19  ft  below  land  sur¬ 
face.  The  well  is  on  the  northeast  side  of  Flandreau,  and 
the  area  immediately  around  the  well  is  used  as  pasture 
for  horses,  whereas  the  larger  area  primarily  is  residen¬ 
tial.  This  well  is  within  a  few  hundred  feet  of  some  of 
the  city  of  Flandreau’s  water-supply  wells  and  within 
about  a  thousand  feet  of  all  of  them. 

Well  4  is  one  of  the  production  wells  for  the 
Flandreau  Indian  School.  The  well  is  located  near  the 
flood  plain  of  the  Big  Sioux  River  and  within  about 
100  ft  of  the  Big  Sioux  River.  The  area  nearest  the  well 
is  used  as  a  park  or  is  undeveloped.  The  school  campus 
is  upgradient  of  the  well. 

The  surface-water  samples  were  collected  from 
the  Big  Sioux  River.  In  July,  the  samples  were  collected 
from  the  Highway  13  bridge  (06480655  Big  Sioux 
River  at  Flandreau)  when  strcamflow  was  measured  at 
831  ft 7s.  The  drainage  area  for  this  site  is  4,096  mi 
(Niehus,  1996).  Based  on  information  for  gaging 
stations  upstream  and  downstream  of  this  site  (Burr  and 
others,  2002),  the  daily  mean  streamflow  was  estimated 
to  be  360  ft  /s.  The  strcamflow  measurement  made  in 
conjunction  with  the  collection  of  the  water-quality 
samples  indicated  that  water  depths  and  velocities  were 
quite  variable  at  this  site,  which  makes  it  more  difficult 
to  collect  representative  samples.  The  August  samples 
were  collected  about  one-third  of  a  mile  farther  down¬ 
stream  from  the  bridge  along  the  north-south  road 
between  the  city  of  Flandreau  and  the  Flandreau  Indian 
School.  This  site  is  downstream  from  a  small  dam, 
which  probably  indicates  that  the  water  is  well  mixed 
by  the  time  it  reaches  this  sampling  site,  and  the  water 
depths  and  velocities  were  much  more  uniform  than  at 
the  Highway  13  site.  The  streamflow  was  measured  at 
388  ff /s  when  the  samples  were  collected  in  August. 

The  treated-water  site  is  approximately  midway 
between  the  well  field  completed  in  the  Big  Sioux 
aquifer  near  Egan  and  the  city  of  Flandreau  (fig.  1). 
Samples  from  this  site  are  considered  to  be  representa¬ 
tive  of  treated  water  from  the  Big  Sioux  Community 
Water  System  coming  into  the  Flandreau  distribution 
system. 
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Well  5  (SDGS  R20-89-50)  is  part  of  the  South 
Dakota  Geological  Survey  water-quality-monitoring 
network.  It  is  the  shallower  of  the  two  network  wells 
(R20- 89-49  is  the  other)  at  this  location,  and  it  has  a 
depth  of  less  than  25  ft  below  land  surface.  This  well 
was  selected  for  this  study  because  it  had  a  greater  per¬ 
centage  of  nitrate  detections  with  higher  concentrations 
than  R20- 89-49  (Tom  Rich,  South  Dakota  Geological 
Survey,  written  commun.,  2001).  Therefore,  of  the  two 
wells,  it  was  considered  to  be  more  affected  by  human 
activity  and  more  likely  to  produce  water  samples  that 
might  contain  the  analytes  of  interest. 

Sample  Collection 

In  general,  sampling  procedures  followed  guide¬ 
lines  described  by  Wilde  and  others  (1999),  but  these 
procedures  were  adapted  to  the  conditions  encountered 
at  the  different  sites  in  an  effort  to  obtain  representative 
samples.  For  each  set  of  samples,  this  process  involved 
some  combination  of  collecting  water  in  the  bottles, 
directly  or  after  fdtering,  or  collecting  several  liters  of 
water  in  a  large  container  and  later  transferring  it  to  the 
appropriate  bottle  in  the  laboratory. 

Water  from  well  1  was  collected  by  filling  a  large 
glass  container  from  a  tap  inside  the  house.  The  con¬ 
tainer  was  filled  after  the  pump  had  been  running  for 
several  minutes.  For  the  rest  of  the  well  sites,  water  was 
directed  through  a  flow-through  chamber  where  several 
physical  properties,  such  as  pFI,  specific  conductance, 
dissolved  oxygen,  and  water  temperature,  were  moni¬ 
tored.  After  these  physical  properties  had  stabilized, 
the  discharge  tube  was  disconnected  from  the  flow¬ 
through  chamber  and  collection  of  samples  began. 
Water  from  wells  2  and  3  was  collected  using  a  1%-inch 
stainless  steel,  variable-speed  submersible  pump  with 
Teflon™-lined  discharge  hose.  For  well  4,  the  pump 
already  in  place  at  this  production  well  was  used  to 
purge  the  system,  and  samples  were  collected  from  a 
tap  in  the  well  house  using  a  discharge  tube.  Water  from 
well  5  was  collected  using  the  dedicated  pump  and  the 
dedicated  discharge  tubing. 

The  surface-water  samples  from  the  Big  Sioux 
River  were  collected  using  width  and  depth  integrating 
procedures  (Wilde  and  others,  1999,  p.  39-47).  First  a 
streamflow  measurement  was  made,  and  then  subsam¬ 
ples  were  collected  at  selected  intervals  using  a  D77 
sampler  with  a  Teflon™  bottle.  The  subsamples  were 
composited  in  the  appropriate  containers.  Velocities 
were  lower  than  those  suggested  as  minimum  limits  for 


this  sampling  method  and  equipment  during  sample 
collection,  but  this  was  considered  to  be  the  technique 
most  likely  to  produce  samples  representative  of  the 
water  in  the  river. 

The  treated-water  sample  was  collected  by  con¬ 
necting  a  Teflon™-lined  tube  to  a  hydrant  and  pro¬ 
ceeding  with  the  sample  collection  as  described  for  the 
wells.  The  water  was  directed  through  a  flow-through 
chamber,  and  after  physical  properties  had  stabilized, 
the  discharge  tube  was  disconnected  from  the  flow¬ 
through  chamber  and  collection  of  samples  began. 

For  determination  of  “dissolved”  constituents, 
filtering  was  performed  using  precleaned  0. 45-um 
(micrometer)  capsule  filters  for  inorganic  constituents 
or  precleaned  baked  glass-fiber  1 42-mm  (millimeter) 
filters  for  organic  constituents.  Preservatives  of  nitric 
acid,  hydrochloric  acid,  and  sulfuric  acid  were  added 
as  needed  to  the  samples.  All  samples  were  chilled  and 
then  sent  to  the  appropriate  laboratory  so  that  they 
arrived  the  day  after  they  had  been  collected. 

Analytical  Methods 

Standard  methods  were  used  to  analyze  samples 
for  physical  properties,  major  ions,  nutrients,  trace 
elements,  and  pesticides  (table  2)  at  the  USGS 
National  Water  Quality  Laboratory  in  Denver, 
Colorado  (information  on  specific  analytical  methods 
is  available  on  the  World  Wide  Web  at  URL 
http  ://nwql. usgs . gov/Public/ref_list .html) .  Develop¬ 
mental  methods  were  used  to  analyze  samples  for  the 
emerging  contaminants  listed  as  antibiotic  compounds 
(table  3),  selected  human  pharmaceutical  compounds 
(table  4),  and  organic  wastewater  compounds  (tables  5 
and  6).  These  developmental  methods  are  described  in 
detail  by  Barnes  and  others  (2002)  as  method  1 
(Meyer  and  others,  2000;  Kolpin  and  others,  2002), 
method  3  (Kolpin  and  others,  2002),  and  method  4 
(Brown  and  others,  1999;  Barber  and  others,  2000). 

Reporting  Levels 

For  some  of  the  analytical  methods  being 
developed,  method  detection  levels  and  laboratory 
reporting  levels  are  still  being  determined,  but  provi¬ 
sional  values  are  available.  Childress  and  others 
(1999)  provided  a  detailed  discussion  about  the 
approach  used  by  the  USGS  regarding  detection  levels 
and  reporting  levels. 
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The  method  detection  level  is  the  concentration 
at  which  the  false  positive  risk  is  minimized  to  be  no 
more  than  1  percent  of  the  reported  values.  The  labora¬ 
tory  reporting  level  is  the  concentration  at  which  the 
false  negative  error  rate  is  minimized  to  be  no  more 
than  1  percent  of  the  reported  results.  The  laboratory 
reporting  level  is  two  times  the  method  detection  level. 
These  levels  may  be  described  as  provisional  for  a 
developmental  method  if  the  levels  have  been  based  on 
a  limited  number  of  analytical  results.  Also,  these 
levels  may  vary  from  sample  to  sample  for  the  same 
analyte  and  the  same  method  if  matrix  effects  or  other 
factors  arise  that  interfere  with  the  analysis.  Concentra¬ 
tions  measured  between  the  method  detection  level  and 
the  laboratory  reporting  level  are  described  as  esti¬ 
mated  values. 

The  minimum  reporting  level  is  used  to  indicate 
whether  or  not  an  analyte  has  been  detected.  The  con¬ 
centration  does  not  have  the  same  sort  of  specific  defi¬ 
nition  as  the  method  detection  level  and  is  based  on  the 
reliability  of  the  measurements  and  the  specific  uses  of 
the  data  (Childress  and  others,  1999). 

QUALITY  ASSURANCE  AND  QUALITY 
CONTROL 

Analytical  results  should  describe  the  environ¬ 
mental  waters  at  the  time  the  samples  were  collected. 
Unfortunately,  problems  such  as  sampling  error,  con¬ 
tamination,  degradation,  and  analytical  error  can  affect 
the  process  and  ultimately  lead  to  analytical  results  that 
are  not  representative  of  the  natural  conditions.  Several 
techniques,  collectively  known  as  quality  assurance 
and  quality  control,  were  used  to  evaluate  the  precision 
and  accuracy  of  the  reported  analytical  results  for  this 
study.  Quality-assurance  samples  collected  during  this 
study  included  field  equipment  blank  samples,  repli¬ 
cate  samples,  and  a  pesticide  spike  sample.  Analytical 
results  for  the  quality-assurance  and  quality-control 
samples  arc  presented  in  table  2,  along  with  the  analyt¬ 
ical  results  for  the  environmental  samples.  In  addition, 
some  constituents  were  analyzed  by  multiple  methods, 
which  allows  for  the  comparison  of  the  results  for 
different  methods. 


Field  Equipment  Blank  Samples 

Blank  samples  arc  used  to  assess  the  possible 
contamination  of  samples  or  analytical  error.  The  field 
equipment  blank  samples  were  collected  in  the  field  by 
processing  laboratory-grade  blank  water  and  using  the 
same  procedures  and  equipment  used  to  collect  envi¬ 
ronmental  samples.  These  samples  were  collected  at 
the  same  location  as  the  environmental  samples  and 
just  before  the  environmental  samples  were  collected. 
If  no  contamination  of  the  sample  is  introduced  during 
the  collection,  processing,  transport,  and  analysis  of  the 
blank  sample,  and  the  analytical  results  are  accurate, 
then  none  of  the  analytes  should  be  detected.  If  the  ana¬ 
lytical  results  indicate  that  the  field  equipment  blank 
has  analyte  concentrations  greater  than  the  laboratory- 
grade  blank  water,  then  it  may  be  an  indication  that  the 
sample  was  contaminated  during  the  process  or  that  the 
analytical  technique  is  overestimating  the  analyte  of 
interest. 

One  set  of  field  equipment  blanks  was  collected 
during  both  July  and  August  (table  2).  The  July  field 
equipment  blank  was  collected  at  well  2,  where  the 
complete  set  of  sampling  equipment  including  the 
pump  was  supplied  by  the  USGS.  If  any  contamination 
was  being  introduced  by  any  of  the  equipment,  it 
should  have  been  introduced  into  this  set  of  samples. 
The  August  field  equipment  blank  was  collected  at  the 
Big  Sioux  River.  The  opportunity  for  contamination  of 
this  blank  was  high  with  passing  traffic  on  the  bridge 
and  the  many  transitions  from  sampler  to  compositing 
container.  The  field  equipment  blank  samples  were 
analyzed  for  physical  properties,  major  ions,  nutrients, 
trace  elements,  pesticides,  veterinary  and  human  anti¬ 
biotic  compounds,  and  selected  industrial  and  house¬ 
hold  wastewater  products.  The  field  equipment  blank 
samples  collected  in  August  from  the  Big  Sioux  River 
also  were  analyzed  for  human  pharmaceutical  com¬ 
pounds. 

Replicate  Samples 

A  replicate  sample  is  intended  to  be  an  exact 
copy  of  the  environmental  sample.  It  is  collected  soon 
after  the  environmental  sample  using  the  same  equip¬ 
ment,  uncleaned,  and  it  is  processed  and  transported 
with  the  environmental  sample.  Any  differences 
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between  the  analytical  results  for  the  environmental 
sample  and  the  replicate  sample  may  indicate  some 
combination  of  inconsistency  of  sample  collection,  the 
natural  variability  in  the  natural  water,  and  the  vari¬ 
ability  of  the  analytical  method. 

During  the  July  and  August  sampling,  two  com¬ 
plete  sets  of  samples  were  collected  at  one  of  the  sites 
(table  2).  One  set  is  referred  to  as  the  environmental 
sample,  and  the  other  set  is  referred  to  as  the  replicate 
sample.  The  July  replicate  samples  were  collected  at 
well  4,  and  the  August  replicate  samples  were  collected 
at  well  5.  With  this  limited  number  of  samples,  compar¬ 
isons  are  of  limited  value.  Table  2  shows  minor  differ¬ 
ences  between  the  environmental  and  replicate  samples 
for  major  ions,  nutrients,  and  pesticides,  but  reported 
results  are  fairly  consistent.  Concentrations  of  the  anti¬ 
biotic  and  human  pharmaceutical  compounds  in  the 
environmental  and  replicate  samples  were  less  than  lab¬ 
oratory  and  provisional  laboratory  reporting  limits, 
respectively.  Concentrations  of  the  organic  wastewater 
compounds  in  both  sets  of  replicate  samples  differed 
from  the  associated  environmental  samples  (table  6). 
This  may  indicate  how  ubiquitous  these  compounds  arc 
and  how  vulnerable  these  samples  may  be  to  contami¬ 
nation.  The  general  agreement  between  the  results  for 
the  environmental  and  replicate  samples  indicates  con¬ 
sistency  in  the  sampling  methods  and  in  the  analytical 
methods. 

Pesticide  Spike 

On  August  27,  2001,  an  additional  environ¬ 
mental  pesticide  sample  was  collected  from  the  Big 
Sioux  River  at  Flandreau.  This  sample  was  spiked  with 
a  known  volume  of  pesticides  to  determine  whether  any 
chemical  interferences  were  present  in  a  specific  matrix 
that  could  bias  the  analytical  measurement  of  a  pesti¬ 
cide  concentration.  Acceptable  spike  recoveries  are  a 
maximum  deviation  of  20  percent  from  a  theoretical 
100-percent  recovery  of  the  added  constituent.  There¬ 
fore,  a  spike  recovery  within  the  range  of  80  to 
120  percent  indicates  no  substantial  effects.  The  spike 
recoveries  for  the  environmental  sample  were  about  80 
and  120  percent.  Thus,  these  results  arc  within  the 
acceptable  range  and  indicate  that  significant  matrix 
interferences  did  not  bias  the  pesticide  concentrations 
in  this  report. 


Compounds  Analyzed  Using  More  Than  One 
Method 

Some  compounds  were  included  in  more  than 
one  analyte  group  (table  7),  and  concentrations  of 
these  compounds  were  determined  by  different  labo¬ 
ratories  using  different  methods.  The  results  for  these 
compounds  can  be  compared  in  much  the  same  way  as 
replicates,  but  with  the  additional  benefit  of  being  able 
to  assess  the  possible  effects  of  differences  in  sam¬ 
pling  methods,  sample  containers,  different  routes  to 
the  laboratories,  and  many  other  factors. 

Pesticides  and  Organic  Wastewater  Compounds 

Concentrations  of  five  pesticides  (carbaryl, 
chlorpyrifos,  diazinon,  metolachlor,  and  prometon) 
were  determined  both  from  the  pesticides  samples 
(filtered)  and  the  organic  wastewater  compound 
(unfiltered)  samples  (table  7).  The  descriptions  in  this 
section  are  only  for  the  environmental  samples 
(including  the  replicates)  and  the  field  equipment 
blanks,  but  not  the  pesticide  spike  sample  that  was 
described  earlier. 

For  all  of  the  samples,  the  carbaryl,  chlorpy¬ 
rifos,  and  diazinon  concentrations  reported  for  both 
the  pesticides  and  organic  wastewater  methods  were 
less  than  the  respective  minimum  reporting  limits 
(tables  2  and  5).  For  metolachlor,  the  pesticides 
method  has  a  minimum  reporting  limit  of  0.013  pg/L, 
and  the  organic  wastewater  compounds  method  has  a 
minimum  reporting  limit  of  0.5  Ug/L.  For  one  sample, 
the  metolachlor  concentration  reported  for  the  pesti¬ 
cide  method  was  greater  than  0.013  Ug/L,  but  the 
metolachlor  concentrations  reported  for  the  organic 
wastewater  compounds  method  were  all  less  than 
0.5  pg/L  (tables  2  and  5). 

For  prometon,  the  pesticides  method  has  a  min¬ 
imum  reporting  limit  of  0.015  pg/L,  and  the  organic 
wastewater  compounds  method  has  a  minimum 
reporting  limit  of  0.50  pg/L.  For  the  July  and  August 
samples  from  well  2,  the  prometon  concentrations 
were  0.443  and  0.456  pg/L,  respectively  (table  2).  For 
those  same  samples,  the  prometon  concentrations 
reported  for  the  organic  wastewater  compounds 
method  were  less  than  0.50  pg/L  (July)  and  0.52  pg/L 
(August),  respectively.  For  some  of  the  other  samples, 
prometon  concentrations  reported  for  the  pesticides 
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method  were  more  than  0.015  pg/L  but  much  less  than 
0.50  |ig/L  (table  2),  and  concentrations  reported  for 
these  samples  using  the  organic  wastewater  compounds 
method  were  all  less  than  0.50  ug/L. 

Antibiotic  Compounds  and  Human  Pharmaceutical 
Compounds 

Concentrations  of  two  compounds  (sulfamethox¬ 
azole  and  trimethoprim)  were  determined  using  both 
the  antibiotic  compounds  (fdtered)  method  and  the 
human  pharmaceutical  compounds  (filtered)  method 
(table  7).  Only  samples  collected  on  August  27,  2001, 
were  submitted  for  analysis  by  the  human  pharmaceu¬ 
tical  compounds  method.  These  samples  included  the 
field  equipment  blank  and  the  environmental  sample 
for  the  Big  Sioux  River  at  Flandreau.  Concentrations 
for  sulfamethoxazole  and  trimethoprim  were  less  than 
the  respective  reporting  limits  for  both  methods 
(tables  3  and  4). 

Human  Pharmaceutical  Compounds  and  Organic 
Wastewater  Compounds 

Concentrations  of  two  compounds  (caffeine  and 
cotinine)  were  determined  using  both  the  selected 
human  pharmaceutical  compounds  (filtered)  and 
organic  wastewater  compounds  (unfiltered)  methods 
(table  7).  Only  samples  collected  on  August  27,  2001, 
were  submitted  for  analysis  by  the  human  pharmaceu¬ 
tical  compounds  method. 

Concentrations  of  caffeine  and  cotinine  for  both 
methods  were  less  than  the  respective  reporting  limits. 
For  caffeine,  the  human  pharmaceutical  compounds 
method  has  a  provisional  laboratory  reporting  limit  of 
0.028  flg/L  and  the  organic  wastewater  compounds 
method  has  a  minimum  reporting  limit  of  0.5  Ug/L.  For 
cotinine,  the  human  pharmaceutical  compounds 
method  has  a  provisional  laboratory  reporting  limit  of 
0.046  Ug/L  and  the  organic  wastewater  compounds 
method  has  a  minimum  reporting  limit  of  1 .0  Ug/L. 


QUALITY  OF  WATER 

The  samples  collected  for  this  study  were  ana¬ 
lyzed  for  a  total  of  more  than  200  physical  properties 


and  chemical  constituents.  Only  samples  collected  on 
August  27,  2001,  from  the  Big  Sioux  River  also  were 
analyzed  for  human  pharmaceutical  compounds.  Many 
compounds  were  not  detected  in  any  of  the  samples  and 
many  others  were  detected  only  at  low  concentrations 
in  a  few  of  the  samples.  The  quality  of  the  water  in  the 
Big  Sioux  River  and  the  Big  Sioux  aquifer  in  the 
Flandreau  area  cannot  be  thoroughly  characterized 
with  the  limited  number  of  samples  collected  within  a 
2-month  period,  but  selected  water-quality  characteris¬ 
tics  are  discussed  in  the  following  sections. 

The  U.S.  Environmental  Protection  Agency  has 
established  drinking-water  standards  for  some  com¬ 
pounds  that  may  cause  adverse  health  effects  from 
long-term  exposure.  These  standards  are  known  as 
Maximum  Contaminant  Levels  (MCLs)  (U.S.  Environ¬ 
mental  Protection  Agency,  2002).  Because  U.S.  Envi¬ 
ronmental  Protection  Agency  standards  apply  only  to 
public-water  supplies,  the  MCLs  only  apply  to  samples 
collected  for  this  study  from  the  treated-water  site 
between  Flandreau  and  Egan  (fig.  1).  For  the  com¬ 
pounds  collectively  known  as  the  emerging  contami¬ 
nants,  such  standards  arc  not  available  for  comparison, 
and  the  long-term  health  effects  of  exposure  to  these 
compounds  are  unknown. 

Physical  Properties,  Major  Ions,  Nutrients, 
Trace  Elements,  and  Pesticides 

Samples  collected  for  this  study  were  analyzed 
for  the  89  physical  properties  and  constituents  pre¬ 
sented  in  table  2.  The  analytical  results  for  three 
constituents — nitrate,  arsenic,  and  atrazine — are  of 
particular  interest  because  these  constituents  are  asso¬ 
ciated  with  known  health  risks  and  additional  informa¬ 
tion  about  concentrations  at  other  locations  and  other 
times  is  available  from  other  investigations  (table  1). 

Nitrate  as  nitrogen  concentrations  greater  than 
3  mg/L  generally  are  associated  with  human  influence 
and  typically  are  associated  with  livestock  wastes, 
nitrogen-based  fertilizers,  and  septic  systems  (Madison 
and  Brunett,  1985).  Fligher  concentrations  may  be 
associated  with  seasonal  events  such  as  snowmelt, 
intense  rains,  or  flooding.  For  this  study,  the  nitrate 
concentration  was  assumed  to  be  approximately  equiv¬ 
alent  to  the  nitrite  plus  nitrate  as  nitrogen  concentration 
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reported  by  the  USGS  National  Water  Quality  Labora¬ 
tory.  The  nitrite  concentrations  for  most  of  the  samples 
were  less  than  the  minimum  reporting  level  and  were 
much  less  than  the  nitrite  plus  nitrate  concentrations. 

Nitrate  concentrations  for  this  study  ranged  from 
less  than  0.050  rng/L  at  several  sites  to  slightly  more 
than  3  rng/L  at  the  treated-water  sampling  site  during 
both  July  and  August  (table  2).  These  concentrations 
are  less  than  the  MCL  of  10  mg/L. 

Figure  2  shows  a  graph  of  nitrate  concentrations 
from  this  study  and  the  more  than  100  additional  sam¬ 
ples  from  various  investigations  summarized  in  table  1 . 
From  1978-2001,  the  only  samples  with  nitrate  concen¬ 
trations  greater  than  the  MCL  were  from  the  city  of 
Flandreau’s  wells.  None  of  the  other  samples  had 
nitrate  concentrations  greater  than  5.0  mg/L  (fig.  2). 

Arsenic  was  detected  in  samples  from  each  of  the 
sites,  although  some  estimated  concentrations  were  less 
than  the  minimum  reporting  level  of  2.0  ug/L.  The 
MCL  for  arsenic  was  50  Ug/L  in  2001,  but  the  revised 
MCL  of  10  Ug/L  will  become  effective  in  2006  (U.S. 
Environmental  Protection  Agency,  2001).  The  July  and 
August  samples  from  well  4  had  arsenic  concentrations 
greater  than  10  ug/L  (table  2). 

Limited  information  about  arsenic  is  available 
from  other  studies.  A  sample  from  the  Big  Sioux  River 
had  an  arsenic  concentration  of  6.8  Ug/L.  but  for  eight 
samples  collected  from  the  Flandreau  water-supply 
wells,  the  maximum  arsenic  concentration  was 
2.1  pg/L  (table  1). 

Atrazine  was  detected  at  each  of  the  sampling 
sites  although  some  of  the  estimated  concentrations 
were  less  than  the  minimum  reporting  level  of 
0.007  (Jg/L.  The  highest  concentrations  were  found  in 
the  samples  from  the  Big  Sioux  River  (table  2),  but  the 
reported  concentrations  were  well  below  the  MCL  of 
3  Ug/L.  Most  of  the  atrazine  data  available  from  other 
investigations  is  from  the  Egan  area,  where  42  ground- 
water  samples  had  a  maximum  atrazine  concentration 
of  0.72  pg/L  and  8  surface-water  samples  had  a  max¬ 
imum  concentration  of  3.0  Ug/L  (table  1). 

Antibiotic  Compounds 

Samples  collected  for  this  study  were  analyzed 
for  the  26  compounds  presented  in  table  3.  The 


laboratory  reporting  limits  ranged  from  0.01  to 
0. 1  ug/L  for  the  compounds,  except  for  roxarsone, 
which  had  a  laboratory  reporting  limit  of  0.5  flg/L. 
None  of  the  environmental  or  quality-assurance/ 
quality-control  samples  had  concentrations  of  anti¬ 
biotic  compounds  greater  than  the  respective 
laboratory  limits. 

Human  Pharmaceutical  Compounds 

The  field  equipment  blank  and  the  environ¬ 
mental  samples  collected  at  the  Big  Sioux  River  site 
on  August  27,  2001,  were  analyzed  for  the  33  com¬ 
pounds  presented  in  table  4.  The  provisional  labora¬ 
tory  reporting  limits  ranged  from  0.007  to  0.058  Ug/L 
for  the  compounds,  except  for  enalaprilat,  which  had 
a  provisional  laboratory  reporting  limit  of  0.300  ug/L. 
Neither  of  the  samples  had  concentrations  of  human 
pharmaceutical  compounds  greater  than  the  respective 
provisional  laboratory  reporting  limits  (table  4). 

Organic  Wastewater  Compounds 

Samples  collected  for  this  study  were  analyzed 
for  the  67  compounds  presented  in  table  5.  The 
method  reporting  limits  range  from  0.50  to  5.0  ug/L 
for  the  compounds  (table  5).  Table  6  shows  the  com¬ 
pounds  detected  in  the  samples  for  this  study.  No 
organic  wastewater  compounds  were  reported  for  six 
of  the  samples  representing  one  field  equipment  blank 
and  five  environmental  samples  for  five  different  sites. 
The  lack  of  consistency  among  the  results  may  be  an 
indication  of  how  widespread  these  compounds  are 
and  how  difficult  it  is  to  avoid  contamination  during 
sample  collection,  processing,  and  analysis.  In  one 
case,  two  compounds  were  detected  in  a  field  equip¬ 
ment  blank,  but  these  compounds  were  not  detected  in 
the  associated  environmental  sample.  For  both  repli¬ 
cate  samples,  compounds  were  detected  that  were  not 
detected  in  the  associated  environmental  samples.  For 
some  sites,  the  compounds  detected  in  the  July 
samples  differed  from  those  detected  in  the  August 
samples,  and  it  seemed  unlikely  that  some  of  these 
compounds  would  be  found  in  the  environmental 
water  at  these  sites. 
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NITRATE  AS  NITROGEN,  IN  MILLIGRAMS  PER  LITER 


EXPLANATION 

.  MAXIMUM  CONTAMINANT  LEVEL 

(U.S.  Environmental  Protection  Agency,  2002) 

- 3  MILLIGRAMS  PER  LITER 

SURFACE-WATER  SAMPLES 
(see  figure  1  for  location) 

A  East  Dakota  Water  Development  District 

A  Flandreau  Santee  Sioux  Tribe 

A  South  Dakota  Geological  Survey 

A  U.S.  Geological  Survey 

GROUND-WATER  SAMPLES 
(see  figure  1  for  location) 

V  South  Dakota  Geological  Survey  -  Well  5 

V  South  Dakota  Drinking  Water  Program 

V  U.S.  Geological  Survey  -  Well  3 


Figure  2.  Nitrate  concentrations  in  the  Flandreau  area. 
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Table  1 .  Selected  water-quality  data  from  various  investigations 

[mL,  milliliter;  mg/L,  milligrams  per  liter;  pg/L,  micrograms  per  liter;  NA,  not  available;  <,  less  than] 


Parameter 

Time 

period 

Number 
of  samples 

Median 

Minimum 

Maximum 

Big  Sioux  River  near  Flandreau1  (East  Dakota  Water  Development  District) 

Fecal  bacteria  (colonies  per  100  mL) 

1999-2000 

13 

100 

1 

15,000 

Nitrate  (mg/L) 

1999-2000 

13 

0.28 

0.036 

1.30 

Arsenic  (|_lg/L) 

1999-2000 

0 

NA 

NA 

NA 

Atrazine  (pg/L) 

1999-2000 

0 

NA 

NA 

NA 

Big  Sioux  River  #4X  (Flandreau  Santee  Sioux  Tribe) 

Fecal  bacteria  (colonies  per  100  mL) 

2000-2001 

5 

110 

4 

500 

Nitrate  (mg/L) 

2000-2001 

5 

0.37 

<0.005 

1.89 

Arsenic  (pg/L) 

2000-2001 

2 

4.3 

1.7 

6.8 

Atrazine  (pg/L) 

2000-2001 

0 

NA 

NA 

NA 

Flandreau  Water-Supply  Wells  (South  Dakota  Department  of  Environment  and  Natural  Resources  Drinking  Water  Program) 


Fecal  bacteria  (colonies  per  100  mL) 

1978-2000 

0 

NA 

NA 

NA 

Nitrate  (mg/L) 

1978-2000 

46 

6.1 

1.0 

14.6 

Arsenic  (pg/L) 

1978-2000 

8 

1.0 

<1.0 

2.1 

Atrazine  (pg/L) 

1993-1999 

3 

<0.5 

<0.5 

<0.5 

R20-89-501  (South  Dakota  Geological  Survey) 


Fecal  bacteria  (colonies  per  100  mL) 

1992-2001 

0 

NA 

NA 

NA 

Nitrate  (mg/L) 

1989-2001 

50 

<0.1 

<0.1 

4.9 

Arsenic  (pg/L) 

1994-1999 

2 

0.95 

<0.01 

1.9 

Atrazine  (pg/L) 

1991-2001 

42 

<0.100 

<0.100 

0.72 

Big  Sioux  River  near  R20-89-501 

(South  Dakota  Geological  Survey) 

Fecal  bacteria  (colonies  per  100  mL) 

1990-1993 

0 

NA 

NA 

NA 

Nitrate  (mg/L) 

1990-1993 

11 

0.39 

<0.04 

1.83 

Arsenic  (pg/L) 

1990-1993 

0 

NA 

NA 

NA 

Atrazine  (pg/L) 

1992-1993 

8 

0.17 

<0.1 

3.0 

1  Location  shown  in  figure  1. 
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Table  2.  Analytical  results  for  physical  properties,  major  ions,  nutrients,  metals,  and  pesticides 

[mV,  millivolt;  mg/L,  milligrams  per  liter;  gS/cm,  microsiemens  per  centimeter  at  25  degrees  Celsius;  deg  C,  degrees  Celsius;  pg/L,  micrograms  per  liter;  Env,  environmental;  Rep,  replicate,  FEB,  field 
equipment  blank;  PS,  pesticide  spike;  lab,  laboratory;  FET,  fixed  end  point  titration;  IT,  incremental  titration;  E,  estimated  value;  M,  presence  verified,  not  quantified;  <,  less  than;  — ,  no  data] 
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Table  2.  Analytical  results  for  physical  properties,  major  ions,  nutrients,  metals,  and  pesticides — Continued 

[mV,  millivolt;  mg/L,  milligrams  per  liter;  pS/cm,  microsiemens  per  centimeter  at  25  degrees  Celsius;  deg  C,  degrees  Celsius;  pg/L,  micrograms  per  liter;  Env,  environmental;  Rep,  replicate,  FEB,  field 
equipment  blank;  PS,  pesticide  spike;  lab,  laboratory;  FET,  fixed  end  point  titration;  IT,  incremental  titration;  E,  estimated  value;  M,  presence  verified,  not  quantified;  <,  less  than;  — ,  no  data] 
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08-20-01  <.004  <.010  <.011  <.023  <.011  <.016  <.034  <.017  <.005  <.002  <.009 


Table  3.  Antibiotic  compounds  analyzed  for  in  water  samples 

[Note:  None  of  the  compounds  were  detected  in  any  of  the  samples  analyzed 
for  this  study.  LRL,  Laboratory  Reporting  Limit;  CAS,  Chemical  Abstracts  Service 
Registry  Number;  pg/L,  micrograms  per  liter] 


Compound 

LRL 

(Mfl/L) 

CAS 

Carbadox 

0.05 

6804-07-5 

Chlortetracycline 

.02 

57-62-5 

Ciprofloxacin 

.01 

85721-33-1 

Demeclocycline 

.02 

00064-73-3 

Doxycycline 

.05 

564-25-0 

Enrofloxacin 

.01 

93106-60-6 

Erythromycin-H20  (metabolite) 

.02 

114-07-8 

Lincomycin 

.01 

154-21-2 

Methotrexate 

.02 

59-05-02 

Minocycline 

.02 

13614-98-7 

Norfloxacin 

.01 

70458-96-7 

Oxytetracycline 

.05 

79-57-2 

Roxarsone 

.5 

121-19-7 

Roxithromycin 

.01 

80214-83-1 

Sarafloxacin 

.01 

98105-99-8 

Sulfachlorpyridazine 

.05 

80-32-0 

Sulfadimethoxine 

.01 

122-11-2 

Sulfamerazine 

.02 

127-79-7 

Sulfamethazine 

.01 

57-68-1 

Sulfamethiazole 

.05 

144-81-1 

Sulfamethoxazole 

.05 

723-46-6 

Sulfathiazole 

.05 

72-14-0 

Tetracycline 

.02 

60-54-8 

Trimethoprim 

.01 

738-70-5 

Tylosin 

.02 

1401-69-0 

Virginiamycin 

.1 

21411-53-0 
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Table  4.  Human  pharmaceutical  compounds  analyzed  for  in  water  samples 

[PLRL,  provisional  laboratory  reporting  limit;  CAS,  Chemical  Abstracts  Service  Registry  Number;  pg/L,  micrograms  per  liter;  <,  less  than; 
NA,  not  available] 


Compound 

Field 

equipment 

blank 

Environmental1 

PLRL 

(M9/L) 

CAS 

Acetaminophen 

<PLRL 

<PLRL 

0.017 

103-90-02 

Amoxicillin 

<PLRL 

<PLRL 

NA 

26787-78-0 

Azithromycin 

<PLRL 

<PLRL 

NA 

83905-01-5 

Caffeine 

<PLRL 

<PLRL 

.028 

58-08-02 

Carbamazapine 

<PLRL 

<PLRL 

NA 

298-46-4 

Cephalexin 

<PLRL 

<PLRL 

NA 

15686-71-2 

Cimetidine 

<PLRL 

<PLRL 

.013 

51481-61-9 

Clarithromycin 

<PLRL 

<PLRL 

NA 

81103-11-9 

Codeine 

<PLRL 

<PLRL 

NA 

76-57-3 

Cotinine 

<PLRL 

<PLRL 

.046 

486-56-6 

Dchydronifedipine 

<PLRL 

<PLRL 

.019 

67035-22-7 

Digoxigenin 

<PLRL 

<PLRL 

.015 

1672-46-4 

Digoxin 

<PLRL 

<PLRL 

NA 

20830-75-5 

Diltiazem 

<PLRL 

<PLRL 

.024 

42399-41-7 

Diphenhydramine 

<PLRL 

<PLRL 

NA 

147-24-0 

Enalaprilat 

<PLRL 

<PLRL 

.300 

76420-72-9 

Erythromycin 

<PLRL 

<PLRL 

NA 

114-07-8 

Fluoxetine 

<PLRL 

<PLRL 

.036 

54910-89-3 

Furosemide 

<PLRL 

<PLRL 

NA 

54-31-9 

Gemfibrozil 

<PLRL 

<PLRL 

.028 

25812-30-0 

Ibuprofen 

<PLRL 

<PLRL 

.036 

15687-27-1 

Lisinopril 

<PLRL 

<PLRL 

NA 

76547-98-3 

Metformin 

<PLRL 

<PLRL 

.007 

657-24-9 

Miconazole 

<PLRL 

<PLRL 

NA 

75319-48-1 

Paraxan  thine 

<PLRL 

<PLRL 

NA 

611-59-6 

Paroxetine  metabolite 

<PLRL 

<PLRL 

NA 

NA 

Ranitidine 

<PLRL 

<PLRL 

.020 

66357-35-5 

Salbutamol 

<PLRL 

<PLRL 

.058 

18559-94-9 

Sulfamethoxazole 

<PLRL 

<PLRL 

.046 

723-46-6 

Thiabendazole 

<PLRL 

<PLRL 

NA 

148-79-8 

Trimethoprim 

<PLRL 

<PLRL 

.028 

738-70-5 

Urobilin 

<PLRL 

<PLRL 

NA 

NA 

Warfarin 

<PLRL 

<PLRL 

.012 

81-81-2 

1Field  equipment  blank  and  surface-water  samples  collected  at  Big  Sioux  River  site  on  August  27,  2001. 
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Table  5.  Organic  wastewater  compounds  analyzed  for  in  water  samples 

[SED,  suspected  endocrine  disruptor;  CAS,  Chemical  Abstract  Service  Registry  Number;  MRL,  method  reporting  limit;  (ig/L,  micrograms  per  liter. 
Compound  uses  accessible  on  the  World  Wide  Web  at  URL  http//wwwnwql.cr.usgs.gov/USGS/Reno/lc8033.html] 


Compound  name 

SED 

CAS 

Possible  compound  uses  or  sources 

MRL 

(M9/L) 

1 ,4-Dichlorobenzene 1 

Yes 

106-46-7 

Moth  repellent,  fumigant,  deodorant 

0.50 

1 7 -beta-Estradiol 1 

Yes 

50-28-2 

Estrogen  replacement  therapy,  estrogen  metabolite 

5.0 

1  -Methylnaphthalene 

No 

90-12-0 

2-5  percent  of  gasoline,  diesel  fuel,  or  crude  oil 

.50 

2,6-Dimethylnaphthalene 

No 

581-42-0 

Present  in  diesel/kerosene  (trace  in  gasoline) 

.50 

2-Methylnaphthalene 

No 

91-57-6 

2-5  percent  of  gasoline,  diesel  fuel,  or  crude  oil 

.50 

3-beta-Coprostanol 

No 

360-68-9 

Carnivore  fecal  indicator 

2.0 

3-Methyl- lH-indole  (skatol) 

No 

83-34-1 

Fragrance,  stench  in  feces  and  coal  tar 

1.0 

3-terf-Butyl-4-hydroxyanisole  (BHA)1 

Yes 

25013-16-5 

Antioxidant,  general  preservative 

5.0 

4-Cumylphenol 

Yes 

599-64-4 

Nonionic  detergent  metabolite 

1.0 

4-n-Octylphenol 

Yes 

1806-26-4 

Nonionic  detergent  metabolite 

1.0 

4-terf-Octylphenol 

Yes 

140-66-9 

Nonionic  detergent  metabolite 

1.0 

5-Methyl-  lH-benzotriazole 

No 

136-85-6 

Antioxidant  in  antifreeze  and  de-icers 

2.0 

Acetophenone 

No 

98-86-2 

Fragrance  in  detergent  and  tobacco,  flavor  in  bever¬ 
ages 

.50 

Acetyl-hexamethyl-tetrahydro- 
naphthalene  (AHTN) 

No 

21145-77-7 

Musk  fragrance,  persistent  and  widespread,  in  ground 
water,  concern  for  bioaccumulation  and  toxicity 

.50 

Anthracene 

No 

120-12-7 

Wood  preservative,  component  of  tar,  diesel,  or  crude 
oil,  combustion  product 

.50 

Anthraquinone 

No 

84-65-1 

Manufacturing  dye/textiles,  seed  treatment,  bird  repel¬ 
lent 

.50 

Benzo[a]pyrene 

Yes 

50-32-8 

Regulated  PAH,  used  in  cancer  research,  combustion 
product 

.50 

Benzophenone 

Yes 

119-61-9 

Fixative  for  perfumes  and  soaps 

.50 

beta-Sitosterol 

No 

83-46-5 

Plant  sterol 

2.0 

beta-  S  tigmas  tanol 

No 

19466-47-8 

Plant  sterol 

2.0 

Bisphenol  A 

Yes 

80-05-7 

Manufacturing  polycarbonate  resins,  antioxidant, 
flame  retardant 

1.0 

Bromacil 

No 

314-40-9 

Herbicide,  general  use  pesticide,  greater  than  80  per¬ 
cent  noncrop  usage  on  grass/brush 

.50 

Bromoform1 

No 

75-25-2 

Wastewater  ozination  byproduct,  military/explosives 

.50 

Caffeine 

No 

58-08-2 

Beverages,  diuretic,  very  mobile/biodegradable 

.50 

Camphor 

No 

76-22-2 

Flavor,  odorant,  ointments 

.50 

Carbary  l2 

Yes 

63-25-2 

Insecticide,  crop  and  garden  uses,  low  persistence 

1.0 

Carbazole 

No 

86-74-8 

Insecticide,  manufacturing  dyes,  explosives,  and  lubri¬ 
cants 

.50 

Chlorpyrifos 

Yes 

2921-88-2 

Insecticide,  domestic  pest  and  termite  control  (domes¬ 
tic  use  restricted  as  of  2001) 

.50 

Cholesterol 

No 

57-88-5 

Often  a  fecal  indicator,  also  a  plant  sterol 

2.0 

28  Reconnaissance-Level  Assessment  of  Water  Quality  near  Flandreau,  South  Dakota 


Table  5.  Organic  wastewater  compounds  analyzed  for  in  water  samples — Continued 

[SED,  suspected  endocrine  disruptor;  CAS,  Chemical  Abstract  Service  Registry  Number;  MRL,  method  reporting  limit;  pg/L,  micrograms  per  liter. 
Compound  uses  accessible  on  the  World  Wide  Web  at  URL  http//wwwnwql.cr.usgs.gov/USGS/Reno/lc8033.html] 


Compound  name 

SED 

CAS 

Possible  compound  uses  or  sources 

MRL 

(Mfl/L) 

Cotinine 

No 

486-56-6 

Primary  nicotine  metabolite 

1.0 

Diazinon 

Yes 

333-41-5 

Insecticide,  greater  than  40  percent  nonagricultural 
usage,  ants,  flies 

.50 

Dichlorvos1 

Yes 

62-73-7 

Insecticide,  pet  collars,  flies,  also  a  degradate  of  naled 
or  trichlofon 

1.0 

d-Limonene1 

No 

5989-27-5 

Fungicide  antimicrobial,  antiviral,  fragrance  in  aero¬ 
sols 

.50 

Equilenin1 

Yes 

517-09-9 

Hormone  replacement  therapy  drug 

5.0 

Estrone 1 

No 

53-16-7 

Biogenic  hormone 

5.0 

Ethynyl  estradiol 

Yes 

57-63-6 

Oral  contraceptive 

5.0 

Fluoranthene 

No 

206-44-0 

Component  of  coal  tar  and  asphalt  (only  traces  in  gas¬ 
oline  or  diesel  fuel),  combustion  product 

.50 

Hexahydrohexamethyl 

cyclopentabenzopyran  (HHCB) 

No 

1222-05-5 

Musk  fragrance,  persistent  and  widespread,  in  ground 
water,  concern  for  bioaccumulation  and  toxicity 

.50 

Indole 

No 

120-72-9 

Pesticide  inert  ingredient,  fragrance  in  coffee 

.50 

Isoborneol 

No 

124-76-5 

Fragrance  in  perfumery,  in  disinfectants 

.50 

Isophorone 

No 

78-59-1 

Solvent  for  lacquer,  plastic,  oil,  silicon,  resin 

.50 

Isopropylbenzene  (cumene)1 

No 

98-82-8 

Manufacturing  phenol/acetone,  fuels  and  paint  thinner 

.50 

Isoquinoline 

No 

119-65-3 

Flavors  and  fragrances 

.50 

Menthol 

No 

89-78-1 

Cigarettes,  cough  drops,  liniment,  mouthwash 

.50 

Metalaxyl 

No 

57837-19-1 

Herbicide,  fungicide,  general  use  pesticide,  mildew, 
blight,  pathogens,  golf/turf 

.50 

Methyl  salicylate 

No 

119-36-8 

Liniment,  food,  beverage,  ultraviolet-absorbing  lotion 

.50 

Metolachlor 

No 

51218-45-2 

Herbicide,  general  use  pesticide,  indicator  of  agricul¬ 
tural  drainage 

.50 

N,N'  -diethyl-meta-toluamide  (DEET) 

No 

134-62-3 

Insecticide,  urban  uses,  mosquito  repellent 

.50 

Naphthalene 

No 

91-20-3 

Fumigant,  moth  repellent,  major  component  (about 

10  percent)  of  gasoline 

.50 

Nonylphenol,  diethoxy-  (total, 

NPE02)3 

Yes 

26027-38-3 

Nonionic  detergent  metabolite 

5.0 

Octylphenol,  diethoxy-  (0PE02)3 

Yes 

26636-32-8 

Nonionic  detergent  metabolite 

1.0 

Octylphenol,  monoethoxy-  (OPEOl)3 

Yes 

26636-32-8 

Nonionic  detergent  metabolite 

1.0 

para-Cresol 

No 

106-44-5 

Wood  preservative 

1.0 

para-Nonylphenol  (total,  NP)3 

Yes 

84852-15-3 

Nonionic  detergent  metabolite 

5.0 

Pentachlorophenol2 

Yes 

87-86-5 

Herbicide,  fungicide,  wood  preservative,  termite  con¬ 
trol 

2.0 

Phenanthrene 

No 

85-01-8 

Manufacturing  explosives,  component  of  tar,  diesel 
fuel,  or  crude  oil,  combustion  product 

.50 

Phenol 

No 

108-95-2 

Disinfectant,  manufacturing  several  products,  leachate 

.50 
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Table  5.  Organic  wastewater  compounds  analyzed  for  in  water  samples — Continued 

[SED,  suspected  endocrine  disruptor;  CAS,  Chemical  Abstract  Service  Registry  Number;  MRL,  method  reporting  limit;  (ig/L,  micrograms  per  liter. 
Compound  uses  accessible  on  the  World  Wide  Web  at  URL  http//wwwnwql.cr.usgs.gov/USGS/Reno/lc8033.html] 


Compound  name 

SED 

CAS 

Possible  compound  uses  or  sources 

MRL 

(pg/L) 

Prometon 

No 

1610-18-0 

Herbicide  (noncrop  only),  applied  prior  to  blacktop 

0.50 

Pyrene 

No 

129-00-0 

Component  of  coal  tar  and  asphalt  (only  traces  in  gas¬ 
oline  or  diesel  fuel),  combustion  product 

.50 

Tetrachloroethylene 1 

No 

127-18-4 

Solvent,  degreaser,  veterinary  anthelmintic 

.50 

Tri(2-chloroethyl)  phosphate 

Yes 

115-96-8 

Plasticizer,  flame  retardant 

.50 

Tri(dichloroisopropyl)  phosphate 

Yes 

13674-87-8 

Flame  retardant 

.50 

Tributyl  phosphate 

No 

126-73-8 

Antifoaming  agent,  flame  retardant 

.50 

Triclosan 

Yes 

3380-34-5 

Disinfectant,  antimicrobial  (concern  for  acquired 
microbial  resistance) 

1.0 

Triethyl  citrate  (ethyl  citrate) 

No 

77-93-0 

Cosmetics,  pharmaceuticals 

.50 

Triphenyl  phosphate 

No 

115-86-6 

Plasticizer,  resin,  wax,  finish,  roofing  paper,  flame 
retardant 

.50 

Tri(2-butoxyethyl)  phosphate 

No 

78-51-3 

Flame  retardant 

.50 

Concentration  is  always  estimated  because  recovery  is  less  than  60  percent  or  variability  is  greater  than  25  percent  relative  standard  deviation. 
Concentration  is  always  estimated  because  of  unstable  instrument  response. 

Concentration  is  always  estimated  because  the  reference  standard  is  from  a  technical  mixture. 
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Table  6.  Concentrations  of  selected  organic  wastewater  compounds 

[Env,  environmental;  Rep,  replicate;  FEB,  field  equipment  blank;  pg/L,  micrograms  per  liter;  NA,  not  applicable] 


Station  number 

Station  name 

Date 

(mm-dd-yyyy) 

Time 

(24-hour) 

Sample 

type 

Detected 

compound 

Concentration 

(mq/l) 

440341096325701 

Well  1 

07-10-2001 

1215 

Env 

None 

NA 

08-23-2001 

1020 

Env 

1 ,4-Dichlorobenzene 

*.53 

440314096331801 

Well  2 

07-11-2001 

0900 

FEB 

Acetophenone 

1.1 

Phenol 

*.40 

07-11-2001 

0945 

Env 

Caffeine 

2.0 

Cholesterol 

2.2 

08-22-2001 

1000 

Env 

3-beta-Coprostanol 

4.8 

Bisphenol  A 

1.3 

Caffeine 

.84 

Cholesterol 

2.6 

Prometon 

.52 

440301096345801 

Well  3 

08-22-2001 

1500 

Env 

None 

NA 

06480655 

Surface-water  site 

07-12-2001 

1300 

Env 

None 

NA 

08-27-2001 

1020 

FEB 

None 

NA 

08-27-2001 

1030 

Env 

beta-Sitosterol 

2.2 

440312096352901 

Well  4 

07-11-2001 

1610 

Env 

None 

NA 

07-11-2001 

1615 

Rep 

3-beta-Coprostanol 

12 

beta-Sitosterol 

5.9 

Cholesterol 

7.3 

para-Cresol 

1.0 

3-Methyl- 1  H-indole 
(skatol) 

2.1 

08-21-2001 

1430 

Env 

1 ,4-Dichlorobenzene 

'.67 

Phenol 

*1.0 

440116096365701 

Treated-water  site 

07-10-2001 

0930 

Env 

Bromoform 

'23 

08-21-2001 

0940 

Env 

Bromoform 

*2.9 

440001096375802 

Well  5 

07-09-2001 

1310 

Env 

None 

NA 

08-20-2001 

1615 

Env 

Tributylphosphate 

0.66 

08-20-2001 

1620 

Rep 

1 ,4-Dichlorobenzene 

L/1 

OO 

Cholesterol 

2.5 

Tributylphosphate 

.63 

^Estimated  value. 
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Table  7.  Compounds  analyzed  for  using  more  than  one  method 

[Complete  lists  of  analytes  for  each  method  are  found  in  the  indicated  tables) 


Analytes 

Pesticides 
(table  2) 

Antibiotic 
compounds 
(table  3) 

Human 

pharmaceutical 
compounds 
(table  4) 

Organic 
wastewater 
compounds 
(table  5) 

Pesticides 
(table  2) 

Same 

None 

None 

Carbaryl 

Chlorpyrifos 

Diazinon 

Metolachlor 

Prometon 

Antibiotic  compounds 
(table  3) 

None 

Same 

Sulfamethoxazole 

Trimethoprim 

None 

Human  pharmaceutical 
compounds 
(table  4) 

None 

Sulfamethoxazole 

Trimethoprim 

Same 

Caffeine 

Cotinine 

Organic  wastewater 
compounds 
(table  5) 

Carbaryl 

Chlorpyrifos 

Diazinon 

Metolachlor 

Prometon 

None 

Caffeine 

Cotinine 

Same 
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